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DEVELOPER APPARATUS, IMAGE 
FORMING APPARATUS AND DEVELOPING 

METHOD 

CROSS REFERENCE TO RELATED 
APPLICATION 

The disclosure of Japanese Patent Application No. 2007 
278967 ?led on Oct. 26, 2007 including speci?cation, draW 
ings and claims is incorporated herein by reference in its 
entirety. 

BACKGROUND 

1. Technical Field 
The present invention relates to a developer apparatus 

Which comprises a toner carrier roller Which carries toner on 
a surface thereof, an image forming apparatus and a develop 
ing method of developing an electrostatic latent image With 
toner using this roller. 

2. Related Art 
Techniques for developing an electrostatic latent image 

With toner include an apparatus Which causes a surface of a 
toner carrier roller to carry toner, the toner carrier roller being 
shaped approximately like a cylinder. For the purpose of 
improving the characteristics of toner carried on the surface 
of such a toner carrier roller, the applicant of the present 
application has earlier disclosed a structure of a toner carrier 
roller having a cylindrical shape that the surface of the roller 
includes convex sections Which are regularly arranged and a 
concave section Which surrounds the convex sections (J P-A 
2007-l27800). Since the concavo-convex patterns in the sur 
face are regulated and uniform, such a structure is advanta 
geous in that it permits easy control of the thickness of a toner 
layer Which is carried on the surface of the roller, the charge 
level and the like. 

SUMMARY 

HoWever, in the case Where a toner carrier roller having the 
structure above is used, oWing to the evenness of the convexo 
concave, scattering of toner from the surface of the toner 
carrier roller, fog and the like Will be a problem unless a toner 
layer thickness on the toner carrier roller is strictly controlled. 
According to research by the inventors of the invention, one 
of the primary causes of these phenomena appears to be that 
When old toner Whose characteristics have degraded in accor 
dance With use is present together With neW toner having 
excellent characteristics, the old toner tends to be carried 
particularly in a far layer from the surface of the toner carrier 
roller. In a toner layer far from the surface of the toner carrier 
roller, adhesion of toner to the toner carrier roller is Weak. 
Hence, it is considered that leakage and scattering of toner 
and fog are easy to occur. 
An advantage of some aspects of the invention is to provide 

technology for reducing leakage and scattering of toner from 
a toner carrier roller, fog and the like in a developer apparatus, 
an image forming apparatus and a developing method Which 
use a loner carrier roller whose surface is provided with 
convexoconcave. 

According to a ?rst aspect of the invention, there is pro 
vided a developer apparatus, comprising: a container Which 
houses toner; a toner carrier roller Which is provided, on a 
surface thereof, With a plurality of convex sections Which are 
regularly arranged and a concave section Which surrounds the 
convex sections, is shaped approximately like a cylinder, and 
rotates While carrying a toner layer of charged toner supplied 
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2 
from the container on the surface thereof; and a restriction 
member Which abuts on the toner layer on the surface of the 
toner carrier roller to restrict a thickness of the toner layer, and 
restricts the toner layer carried by the convex sections Within 
the surface of the toner carrier roller to one layer or less. 

According to a second aspect of the invention, there is 
provided an image forming apparatus, comprising: an image 
carrier Which carries an electrostatic latent image; and a 
developer Which develops the electrostatic latent image car 
ried by the image carrier With toner and includes a toner 
carrier roller Which is provided, on a surface thereof, With a 
plurality of convex sections Which are regularly arranged and 
a concave section Which surrounds the convex sections, is 
shaped approximately like a cylinder, and carries a toner layer 
of charged toner on the surface thereof, Wherein the toner 
layer carried by the convex sections Within the surface of the 
toner carrier roller is comprised of one layer or less. 

According to a third aspect of the invention, there is pro 
vided a developing method, comprising: arranging an 
approximately cylindrical toner carrier roller, Which carries a 
toner layer of charged toner on a surface thereof, opposed to 
an image carrier Which carries an electrostatic latent image, 
the toner carrier roller being provided, on the surface thereof, 
With a plurality of convex sections Which are regularly 
arranged and a concave section Which surrounds the convex 
sections; developing the electrostatic latent image carried by 
the image carrier With toner; and restricting the toner layer 
carried by the convex sections Within the surface of the toner 
carrier roller to one layer or less. 
The ?ndings of the inventors of the invention based on 

various experiments, although Will be described in detail 
later, Will noW be described brie?y. Of toner carried by the 
surface of a toner carrier roller, neW toner having excellent 
characteristics (hereinafter referred to as “neW toner”) gathers 
near the surface of the toner carrier roller, Whereas toner 
Whose characteristics have degraded With long use (hereinaf 
ter referred to as “old toner”) is contained in concentrated 
amounts in toner Which is on top of the neW toner and Which 
is carried as it is separated from the surface of the toner carrier 
roller. In other Words, a toner layer made mainly of neW toner 
is formed ?rst on the surface of the toner carrier roller, and 
another toner layer containing a big amount of old toner is 
formed on the surface of the previous toner layer. Such old 
toner, oWing to its reduced contact With the toner carrier 
roller, is not charged suf?ciently, and hence, may leak, scatter 
or cause fog. 

Noting this, according to the invention, a toner layer car 
ried by convex sections in a surface of a toner carrier roller is 
restricted to one layer or less using a restriction member. This 
Will ensure that toner carried on the surface of the toner carrier 
roller has favorable characteristics. Hence, it is possible to 
suppress scattering of toner, fog, and the like. 
The above and further objects and novel features of the 

invention Will more fully appear from the folloWing detailed 
description When the same is read in connection With the 
accompanying draWing. It is to be expressly understood, 
hoWever, that the draWing is for purpose of illustration only 
and is not intended as a de?nition of the limits of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram shoWing an embodiment of an image 
forming apparatus according to the invention. 

FIG. 2 is a block diagram of an electric structure of the 
image forming apparatus Which is shoWn in FIG. 1. 
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FIG. 3 is a diagram showing the appearance of the devel 
oper. 

FIG. 4 is a cross sectional view showing a structure of the 
developer. 

FIG. 5 is a group of diagrams showing a side view of the 
developing roller and a partially expanded view of the surface 
of the developing roller. 

FIGS. 6A through 6D are diagrams showing a model for 
describing a mechanism of toner scattering and the like. 

FIG. 7 is a diagram showing an ideal toner layer. 
FIG. 8 is a diagram showing a positional relationship 

between the developing roller and the restriction blade. 
FIGS. 9A and 9B are expanded views schematically show 

ing a portion where the restriction blade abuts on the devel 
oping roller. 

FIGS. 10A and 10B are diagrams showing other embodi 
ment of toner layer restriction. 

FIGS. 11A and 11B are diagrams showing a state of toner 
covering the convex sections. 

FIG. 12 is a diagram showing other embodiment of a devel 
oper. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

FIG. 1 is a diagram showing an embodiment of an image 
forming apparatus according to the invention. FIG. 2 is a 
block diagram of an electric structure of the image forming 
apparatus which is shown in FIG. 1. This apparatus is an 
image forming apparatus which overlays toner in four colors 
of yellow (Y), cyan (C), magenta (M) and black (K) one atop 
the other and accordingly forms a fall-color image, or forms 
a monochrome image using only black toner (K). In the image 
forming apparatus, when an image signal is fed to a main 
controller 11 from an external apparatus such as a host com 
puter, a CPU 101 provided in an engine controller 10 controls 
respective portions of an engine part EG in accordance with 
an instruction received from the main controller 11 to perform 
a predetermined image forming operation, and accordingly, 
an image which corresponds to the image signal is formed on 
a sheet S. 

In the engine part EG, a photosensitive member 22 is 
disposed so that the photosensitive member 22 can freely 
rotate in an arrow direction D1 shown in FIG. 1. Around the 
photosensitive member 22, a charger unit 23, a rotary devel 
oper unit 4 and a cleaner 25 are disposed in the rotation 
direction D1. A predetermined charging bias is applied upon 
the charger unit 23, whereby an outer circumferential surface 
of the photosensitive member 22 is charged uniformly to a 
predetermined surface potential. The cleaner 25 removes 
toner which remains adhering to the surface of the photosen 
sitive member 22 after primary transfer, and collects the toner 
into a waste toner tank which is disposed inside the cleaner 
25. The photosensitive member 22, the charger unit 23 and the 
cleaner 25, integrated as one, form a photosensitive member 
cartridge 2. The photosensitive member cartridge 2 can be 
freely attached to and detached from an apparatus main body 
as one integrated unit. 
An exposure unit 6 emits a light beam L toward the outer 

circumferential surface of the photosensitive member 22 
charged by the charger unit 23. This exposure unit 6 exposes 
the photosensitive member 22 by the light beam L in accor 
dance with the image signal given from the external apparatus 
to form an electrostatic latent image corresponding to the 
image signal. 

The developer unit 4 develops thus formed electrostatic 
latent image with toner. Speci?cally, the developer unit 4 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
includes a support frame 40 which is provided rotatable about 
a rotation shaft orthogonal to a plane of FIG. 1 and a yellow 
developer 4Y, a cyan developer 4C, a magenta developer 4M 
and a black developer 4K which are freely attachable to and 
detachable from the support frame 40 and house toner of the 
respective colors. An engine controller 10 controls the devel 
oper unit 4. The developer unit 4 is driven into rotation based 
on a control instruction from the engine controller 10. When 
the developers 4Y, 4C, 4M and 4K are selectively positioned 
at a predetermined developing position which abuts on the 
photosensitive member 22 or is faced with the photosensitive 
member 22 over a predetermined gap, the developing roller 
44 which is disposed in this developer and carries a toner of a 
selected color is positioned facing the photo sensitive member 
22, and the developing roller 44 supplies the toner onto the 
surface of the photosensitive member 22 at the facing posi 
tion. As a result, the electrostatic latent image on the photo 
sensitive member 22 is visualiZed with the toner of the 
selected color. 

FIG. 3 is a diagram showing the appearance of the devel 
oper. FIG. 4 is a cross sectional view showing a structure of 
the developer. The developers 4Y, 4C, 4M and 4K have iden 
tical structures. Therefore, the structure of the developer 4K 
will now be described in further detail with reference to FIGS. 
3 and 4. The other developers 4Y, 4C and 4M have the same 
structures and functions, to be noted. In the developer 4K, a 
feed roller 43 and a developing roller 44 are rotatably attached 
with a shaft to a housing 41 which houses toner T inside. 
When the developer 4K is positioned at the developing posi 
tion described above, the developing roller 44 is positioned at 
a facing position which abuts on the photosensitive member 
22 or is faced with the photosensitive member 22 over a 
predetermined gap, and these rollers 43 and 44 are engaged 
with a rotation driver (not shown) which is provided in the 
main body to rotate in a predetermined direction. The feed 
roller 43 is shaped like a cylinder and is made of an elastic 
material such as foamed urethane rubber and silicone rubber. 
The developing roller 44 is shaped like a cylinder and is made 
of metal or alloy such as copper, aluminum and stainless steel. 
The two rollers 43 and 44 rotate while staying in contact with 
each other, and accordingly, the toner is rubbed against the 
surface of the developing roller 44 and a toner layer having a 
predetermined thickness is formed on the surface of the 
developing roller 44. 
The space inside the housing 41 is divided by a partition 

wall 41a into a ?rst chamber 411 and a second chamber 412. 
The feed roller 43 and the developing roller 44 are both 
provided in the second chamber 412. With a rotation of these 
rollers, toner within the second chamber 412 ?ows and is fed 
to the surface of the developing roller 44 while getting agi 
tated. Meanwhile toner stored inside the ?rst chamber 411 
would not be moved by the rotation since it is isolated from 
the feed roller 43 and the developing roller 44. This toner is 
mixed with toner stored in the second chamber 412 and is 
agitated by the rotation of the developer unit 4 while holding 
the developer. 
As described above, in this developer, the inside of the 

housing is separated into the two chambers, and the side walls 
of the housing 41 and the partition wall 41a surround the feed 
roller 43 and the developing roller 44, and accordingly, the 
second chamber 412 of relatively small volume is provided. 
Therefore, even when a remaining toner amount is small, 
toner is supplied ef?ciently to near the developing roller 44. 
Further, supply of toner from the ?rst chamber 411 to the 
second chamber 412 and agitation of the whole toner are 
performed by the rotation of the developer unit 4. Hence, an 
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auger-less structure is realized that an agitator member (au 
ger) for agitating toner is not provided inside the developer. 

Further, in the developer 4K, a restriction blade 46 is dis 
posed Which restricts the thickness of the toner layer formed 
on the surface of the developing roller 44 into the predeter 
mined thickness. The restriction blade 46 includes a plate-like 
member 461 made of elastic material such as stainless steel, 
phosphor bronZe or the like and an elastic member 462 Which 
is attached to a front edge of the plate-like member 461 and is 
made of a resin member such as silicone rubber and a ure 
thane rubber. A rear edge of the plate-like member 461 is ?xed 
to the housing 41. The elastic member 462 attached to the 
front edge of the plate-like member 461 is positioned on the 
upstream side to the rear edge of the plate-like member 461 in 
a rotation direction of the developing roller 44 shoWn by an 
arroW in FIG. 4. The elastic member 462 elastically abuts on 
the surface of the developing roller 44, thereby restricting the 
toner layer formed on the surface of the developing roller 44 
?nally into the predetermined thickness. 

The toner layer thus formed on the surface of the develop 
ing roller 44 is gradually transported, by the rotation of the 
developing roller 44, to an opposed position facing the pho 
tosensitive member 22 on a surface of Which the electrostatic 
latent image has been formed. When a developing bias from 
a bias poWer source not shoWn is applied upon the developing 
roller 44, the toner carried on the developing roller 44 par 
tially adheres to respective portions Within the surface of the 
photosensitive member 22 in accordance With a surface 
potential thereof. The electrostatic latent image on the pho 
tosensitive member 22 is visualiZed as a toner image in this 
toner color in this manner. 

The housing 41 further includes a seal member 47 Which is 
pressed against the surface of the developing roller 44 on the 
doWnstream side to the opposed position facing the photo 
sensitive member 22 in the rotation direction of the develop 
ing roller 44. The seal member 47 guides toner Which remains 
on the surface of the developing roller 44 after moving past 
the opposed position facing the photosensitive member 22 to 
inside the housing 41 and prevents toner inside the housing 
from leaking to outside. 

FIG. 5 is a group of diagrams shoWing a side vieW of the 
developing roller and a partially expanded vieW of the surface 
of the developing roller. The developing roller 44 is shaped 
like an approximately cylindrical roller. A shaft 440 is pro 
vided at the both ends of the roller in the longitudinal direc 
tion of the roller such that the shaft is coaxial With the roller. 
With the shaft 440 supported by the developer main body, the 
entire developing roller 44 is freely rotatable. A central area 
44a in the surface of the developing roller 44, as shoWn in the 
partially expanded vieW in FIG. 5 (inside the dotted-line 
circle), is provided With a plurality of convex sections 441 
Which are regularly arranged and a concave section 442 
Which surrounds the convex sections 441. 

Each one of the convex sections 441 projects forWard from 
the plane of FIG. 5, and a top surface of each convex section 
441 forms a part of a single cylindrical surface Which is 
coaxial With a rotation shaft of the developing roller 44. The 
concave section 442 is a continuous groove Which surrounds 
the convex sections 441 like a net. The entire concave section 
442 also forms a single cylindrical surface Which is different 
from the cylindrical surface Which is made by the convex 
sections and is coaxial With the rotation shaft of the develop 
ing roller 44. The developing roller 44 having such a structure 
may be made by the manufacturing method described in 
JP-A-2007-l40080 for instance. 

The length L1 of a side of the top surface of each convex 
section 441 and a distance L2 betWeen the respective convex 
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6 
sections may be but are not limited to 10 through 100 um 
approximately for instance. The shape, the arrangement and 
the like of the convex sections 441 are not limited to those 
described here. A difference in height betWeen the convex 
sections 441 and the concave section 442 Will be described 
later. 

Referring back to FIG. 1, the description of the image 
forming apparatus is continued. The toner image developed 
by the developer unit 4 as described above is primarily trans 
ferred onto an intermediate transfer belt 71 of a transfer unit 
7 in a primary transfer region TR1. The transfer unit 7 
includes the intermediate transfer belt 71 mounted on a plu 
rality of rollers 72 to 75 and a driver (not shoWn) for driving 
the roller 73 into rotation to rotate the intermediate transfer 
belt 71 in a speci?ed rotating direction D2. In the case of 
transferring a color image onto the sheet S, the toner images 
of the respective colors formed on the photosensitive member 
22 are superimposed on the intermediate transfer belt 71 to 
form the color image, Which is secondarily transferred onto 
the sheet S dispensed one by one from a cassette 8 and 
conveyed to a secondary transfer region TR2 along a convey 
ance path P. 
At this time, for the purpose of correctly transferring the 

image on the intermediate transfer belt 71 onto the sheet S at 
a predetermined position, the timing of feeding the sheet S 
into the secondary transfer region TR2 is controlled. To be 
more speci?c, there is a gate roller 81 disposed in front of the 
secondary transfer region TR2 on the transportation path P. 
The gate roller 81 starts to rotate in accordance With the 
timing of rotation of the intermediate transfer belt 71, and 
accordingly, the sheet S is fed into the secondary transfer 
region TR2 at a predetermined timing. 

Further, the sheet S on Which the color image is thus 
formed is transported to a discharge tray 89 Which is disposed 
at a top surface of the apparatus main body via a pre-discharge 
roller 82 and a discharge roller 83 after the toner image is 
?xed to the sheet S by a ?xing unit 9. Meanwhile, When 
images are to be formed on the both surfaces of the sheet S, 
the discharge roller 83 starts rotating in the reverse direction 
upon arrival of the rear end of the sheet S, Which carries the 
image on its one surface as described above, at a reversing 
position PR located behind the pre-discharge roller 82, 
thereby transporting the sheet S in the arroW direction D3 
along a reverse transportation path PR. The sheet S is returned 
back to the transportation path P again before arriving at the 
gate roller 81. At this time, the surface of the sheet S Which 
abuts on the intermediate transfer belt 71 in the secondary 
transfer region TR2 and is to receive a transferred image is 
opposite to the surface Which already carries the image. In 
this fashion, it is possible to form images on the both surfaces 
of the sheet S. 

Further, as shoWn in FIG. 2, the respective developers 4Y, 
4C, 4M and 4K comprise memories 91, 92, 93 and 94 respec 
tively Which store data related to the production lot, the use 
history, the remaining toner amount and the like of the devel 
opers. In addition, Wireless telecommunication devices 49Y, 
49C, 49M and 49K are provided in the developers 4Y, 4C, 4M 
and 4K, respectively. When necessary, the telecommunica 
tion devices selectively perfonn non-contact data telecom 
munication With a Wireless telecommunication device 109 
Which is provided in the apparatus main body, Whereby data 
transmission betWeen the CPU 101 and the memories 91 
through 94 via the interface 105 is performed to manage 
various types of information regarding the developers such as 
management of consumables. MeanWhile, in this embodi 
ment, non-contact data transmission using electromagnetic 
scheme such as Wireless telecommunication is performed. 
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However, the apparatus main body and each developer may 
be provided With connectors and the like, and the connectors 
may be engaged mechanically to perform data transmission 
betWeen each other. 

Further, as shoWn in FIG. 2, the apparatus includes a dis 
play 12 Which is controlled by a CPU 111 of the main con 
troller 11. The display 12 is formed by a liquid crystal display 
for instance, and shoWs predetermined messages Which are 
indicative of operation guidance for a user, a progress in the 
image forming operation, abnormality in the apparatus, the 
timing of exchanging any one of the units, and the like in 
accordance With the control command from the CPU 111. 

In FIG. 2, a reference numeral 113 represents an image 
memory provided in the main controller 11 in order to store 
the image supplied from the external apparatus such as a host 
computer via the interface 112. A reference numeral 106 
represents a ROM for storage of an operation program 
executed by the CPU 101 and control data used for control 
ling the engine part EG. A reference numeral 107 represents 
a RAM for temporary storage of operation results given by 
the CPU 101 and other data. 

Further, there is a cleaner 76 in the vicinity of the roller 75. 
The cleaner 76 moves nearer to and aWay from the roller 75 
driven by an electromagnetic clutch not shoWn. In a condition 
that the cleaner 76 is moved nearer to the roller 75, a blade of 
the cleaner 76 abuts on the surface of the intermediate transfer 
belt 71 mounted on the roller 75 and scrapes off the toner 
remaining on and adhering to the outer circumferential sur 
face of the intermediate transfer belt 71 after the secondary 
transfer. 

Furthermore, a density sensor 60 is disposed in the vicinity 
of the roller 75. The density sensor 60 confronts a surface of 
the intermediate transfer belt 71 and measures, as needed, the 
density of the toner image formed on the outer circumferen 
tial surface of the intermediate transfer belt 71. Based on the 
measurement results, the apparatus adjusts the operating con 
ditions of the individual parts thereof that affects the image 
quality such as a developing bias applied to each developer, 
the intensity of the exposure beam L, and tone-correction 
characteristics of the apparatus, for example. 

The density sensor 60 is structured to output a signal cor 
responding to a contrasting density of a region of a predeter 
mined area de?ned on the intermediate transfer belt 71 using 
a re?ective optical sensor, for example. The CPU 101 is 
adapted to detect image densities of individual parts of the 
toner image on the intermediate transfer belt 71 by periodi 
cally sampling the output signals from the density sensor 60 
While moving the intermediate transfer belt 71 in rotation. 
A detailed description Will noW be given on restriction of 

toner layers on the developing roller 44 in the developer 
4K, . . . of the image forming apparatus having the structure 
described above. In the developer 4K, . . . of this image 
forming apparatus, the feed roller 43 abuts on the surface of 
the developing roller 44 inside the housing 41 Which contains 
toner T as described earlier. Further, the restriction blade 46 
abuts on a toner layer Which is on the developing roller at the 
doWnstream side With respect to a feed roller abutting posi 
tion in the rotation direction of the developing roller, and 
accordingly, the thickness of the toner layer Which is carried 
on the surface of the developing roller 44 is regulated. When 
the thickness is not appropriate, the image forming operation 
Will be in?uenced. Speci?cally, When the toner layer is too 
thin, the amount of toner transported to the opposed position 
facing the photosensitive member 22 Will be a little and a 
suf?cient image density Will not be obtained. On the other 
hand, When the toner layer is too thick, toner may fall off from 
the surface of the developing roller 44 and leak inside the 
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8 
apparatus, may scatter around from the developing roller as a 
cloud, and may adhere onto the photosensitive member 22 to 
cause fog. These phenomena Will hereinafter be referred to as 
“toner scattering and the like”. 

First, the principle of toner layer restriction in this embodi 
ment Will be described. In a condition that a relatively thick 
toner layer (that is, the thickness being approximately a sev 
eral times as large as the volume average particle diameter of 
toner) Was formed, the inventors of the invention conducted 
various experiments upon the causal correlation betWeen the 
condition of the surface of the developing roller 44 on Which 
the toner layer is formed and toner scattering and the like. As 
a result, it has become clear that the model beloW Would 
explain the mechanism of toner scattering and the like. 

FIGS. 6A through 6D are diagrams shoWing a model for 
describing a mechanism of toner scattering and the like. The 
developer is ?lled With neW toner initially. HoWever, as the 
image forming operation using the developer is repeatedly 
executed, the developer contains a mixture of unused toner 
maintaining its initial characteristics (referred to as “neW 
toner” in the speci?cation) and used toner having degraded 
characteristics since it has been returned back into inside the 
developer Without being used for development although it 
Was once carried on the surface of the developing roller 44 
(referred to as “old toner” in the speci?cation). Hence, there 
are neW toner Tn and old toner To mixed together around the 
developing roller 44 as shoWn in FIG. 6A. In FIGS. 6A 
through 6D, White circles denote the neW toner Tn and circles 
With hatching denote the old toner To. 

Out of these, neW toner Tn, having high ?uidity and a high 
charge level, is attracted toWard the surface of the developing 
roller 44 due to electrostatic force Ft. On the other hand, old 
toner is inferior to neW toner in terms of ?uidity and charging 
characteristics because of burying, separation or the like of an 
additive, and hence, the poWer and the speed attracted to the 
developing roller 44 of old toner are Weaker and sloWer than 
those of neW toner. As a result, toner directly contacting the 
developing roller 44 is mostly neW toner Tn as shoWn in FIG. 
6B. In short, of toner layers formed on the surface of the 
developing roller 44, the ?rst layer Which is the closest to the 
developing roller 44 is made of neW toner. 
On the other hand, in a layer deposited upon the ?rst layer 

thus formed, neW toner Tn and old toner To are mixed 
together as shoWn in FIG. 6C. This is because coating of the 
surface of the developing roller 44 With a layer of neW toner 
Weakens the in?uence of the electrostatic force of the devel 
oping roller itself upon a layer over the neW toner layer, and 
the electric charge of neW toner attracts other toner, and 
hence, attracts not only neW toner but also old toner Which has 
a loWer charge level or is charged to the opposite polarity due 
to deterioration. In this speci?cation, the phenomenon that 
neW toner is concentrated inside a layer near the surface of the 
developing roller 44, Whereas a layer far from this surface 
contains a lot of old toner Will be referred to as “layer sepa 
ration phenomenon”. 

Meanwhile, depending upon the electrostatic force of the 
developing roller 44 and the charging characteristics of toner 
itself, tWo or more layers of neW toner may be formed on the 
surface of the developing roller 44 as shoWn in FIG. 6D. In 
such an instance as Well, neW toner Tn and old toner To are 
mixed together in a layer far from the surface of the develop 
ing roller 44 and layer separation phenomenon occurs. 
As described above, of toner layers formed on the surface 

of the developing roller 44, in an outer layer far from the 
developing roller 44, the rate of old toner To is higher. Old 
toner To only Weakly adheres to the surface of the developing 
roller 44 or to a toner layer on this surface since it has a loW 
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charge level.As a result, old toner To falls off from the surface 
of the developing roller 44 and scatters inside the apparatus 
While being transported by the rotation of the developing 
roller 44. Further, toner charged to the polarity opposite to the 
intended polarity adheres to a region of an electrostatic latent 
image on the photosensitive member 22 to Which toner is not 
supposed to adhere, and causes fog. 

This model can explain the folloWing experimental fact. 
For example, When a developer containing only a little 
remaining toner after being used over a long period of time 
Was ?lled With neW toner, the occurrence of toner scattering, 
fog and the like temporarily increases but gradually decreases 
thereafter. The reason of this appears to be that mixing of a 
great amount of neW toner With degraded toner inside the 
developer resulted in dominant presence of neW toner near the 
surface of the developing roller 44 and a large amount of old 
toner in the outer-most surface of a toner layer. It appears that 
during continued use, neW toner Would be selectively used, 
Which Would reduce a difference of the characteristics of neW 
toner from those of old toner, relieve the layer separation 
phenomenon and eventually decrease the degree of toner 
scattering and the like. 

This is backed by an experiment of replenishing toner of a 
different color from an original toner color. The surface of the 
developing roller 44 Was observed after replenishing yelloW 
toner in the cyan developer 4C inside of Which a remaining 
toner amount Was small, for instance. As a result, a toner layer 
of a greenish color resulted from mixing of cyan toner and 
yelloW toner Was formed on the surface of the developing 
roller. HoWever, When the surface toner Was removed With 
bloWn air, through brushing off or by otherWise appropriate 
method, the color of the surface of the developing roller 44 
changed to yelloW gradually. To be noted in particular, toner 
in the ?rst layer directly contacting the surface of the devel 
oping roller 44 had a yelloW color Which Was almost the same 
as the original color of the yelloW toner. On the other hand, 
When the image forming operation Was executed using this 
developer, it Was primarily cyan toner that Was scattered 
around the developer or caused fog on the photosensitive 
member 22. 
From these results, it turns out that layer separation phe 

nomenon occurs in Which a layer near the surface of the 
developing roller 44 is dominated by neW toner, Whereas a 
layer far from the surface contains a large amount of old toner, 
and that it is principally old toner that causes toner scattering 
and the like. 

MeanWhile, the terms “neW toner” and “old toner” used 
herein express a concept regarding relative differences in 
terms of characteristics among toner particles inside the 
developer, and therefore, are not necessarily relevant to 
Whether toner itself is fresh or not. For example, even fresh 
toner may contain some amount of toner Whose characteris 
tics are inadequate like old toner described above, in Which 
case such toner Would act like “old toner”. Further, even toner 
Which is not fresh toner can be considered to be “neW toner” 
if relative differences in terms of characteristics among toner 
particles are small. 
A similar phenomenon could occur even When the devel 

opers do not have slots for replenishing toner, not to mention 
When the developers have such slots. In the case Where the 
developer is partitioned into tWo or more chambers and toner 
is fed from one chamber to other chamber at a certain timing 
as in the embodiment for example, neW toner gets mixed With 
old toner at a timing of feeding of toner from one chamber to 
other chamber. Although no auger is provided inside the 
developers in this embodiment, When the developer 4K, . . . 
rotates in accordance With rotation of the rotary developer 
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10 
unit 4, neW toner stored in the ?rst chamber 411 ?oWs into the 
second chamber 412 Which contains old toner at an increased 
ratio and gets mixed With the old toner. This remains 
unchanged in a structure Where a toner transportation mecha 
nism such as an auger is disposed inside a developer, and a 
structure Where toner is replenished regularly from a toner 
tank Which is disposed separately from a developer. 
One can see from the above that prevention of layer sepa 

ration phenomenon in a toner layer carried by the developing 
roller 44 is effective in reducing toner scattering and the like. 
It is ideal to form a uniform toner layer of neW toner all over 
the surface of the developing roller 44 as shoWn in FIG. 7. 

FIG. 7 is a diagram shoWing an ideal toner layer. In FIG. 7, 
the case Where a toner layer of one layer consisting only of 
neW toner is formed on the convex sections 441 and the 
concave section 442 in the surface of the developing roller 44 
is shoWn. HoWever, the toner layer may be tWo or more layers 
consisting of neW toner. Further, from a perspective of simple 
suppression of toner scattering and the like, a uniform thick 
ness of a toner layer is not an essential requirement. That is, 
the thickness of the toner layer may change betWeen the 
convex sections 441 and the concave section 442 for example. 
HoWever, the toner layer is required not to contain old toner as 
much as possible. In this embodiment, With the position of the 
restriction blade 46 relative to the developing roller 44 
adjusted and the distance betWeen the tip end of the restriction 
blade 46 and the developing roller 44 (Wedge height) 
adjusted, a toner layer carried by the developing roller 44 is 
restricted. 

FIG. 8 is a diagram shoWing a positional relationship 
betWeen the developing roller and the restriction blade. FIGS. 
9A and 9B are expanded vieWs schematically showing a 
portion Where the restriction blade abuts on the developing 
roller. More speci?cally, FIG. 9A is a diagram shoWing a 
positional relationship betWeen the developing roller 44 and 
the restriction blade 46 and FIG. 9B is a diagram schemati 
cally shoWing a condition of toner Which is carried on the 
surface of the developing roller 44. 

In this embodiment, a distance G1 betWeen an upstream 
most edge 46211 of the elastic member 462 of the restriction 
blade 46 in the rotation direction of the developing roller and 
the surface of the developing roller 44 Which is the closest to 
the upstream-most edge 46211, more particularly the convex 
sections 441, is managed, to thereby restrict toner layers 
carried by the convex sections 441 Which are in the surface of 
the developing roller 44 to one layer or less. Describing this in 
detail, the distance G1 is set so that the relationship beloW is 
satis?ed: 

G1<2-Dave (Formula 1) 

Where Dave denotes the volume average particle diameter of 
toner T. The distance is adjusted by moving a position at 
Which the restriction blade 46 is attached to the housing 41 in 
an adjustment direction shoWn in FIG. 8. 

Toner layer restriction in such an instance Will noW be 
described With reference to FIGS. 9A and 9B. It is to be noted 
that, in FIGS. 9A and 9B, the direction of the developing 
roller 44 is opposite to that shoWn in FIG. 6, that is, the surface 
thereof is directed toWard beloW. In FIG. 9A, as the develop 
ing roller 44 rotates, the surface of the developing roller 44 
moves from the left-hand side toWard the right-hand side 
relative to the restriction blade 46 Which is ?xed. At this time, 
the distance G1 betWeen the convex sections 441 of the devel 
oping roller 44 and the elastic member 462 is set so as to 
satisfy Formula 1 above, that is, set to a value Which is smaller 
than double the volume average particle diameter Dave of 
toner. 










